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(54J Exhaust gas reactor 

FIG. 2 

{57} An exhaust gas reactor comprises 
ai feast firs; and second open-pore . 
ceramic foam plates which are arranged 
in succession in the direction of flow 
tnroucn the reactor. The plates of 
ceramic foam ha.ve a catalytically active 
sunace isyer thereon. Filter plates of 
uncoatec ceramic foam may 
addrtionatly be provided upstream and 
downstream of the first-mentioned 
plates. 
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SPECIFICATION 

Exhaust gas reactor and process for the production 
thereof 

5 -p^V ■ ■ ■ l 

The. inv^nti^^^^^ relates tp an exhaust gas reactor, for 
exarnple^or use with'an fnternal combustion engine. 
. and a process for the production of such a reactor. 
The term exhaust gas is used in ihls specification 
10 in a broad sense and may therefore embrace exhaust 
gas from an internal combustion engine as well as 
exhaust or waste gas from other sources, such as a 
paint spraying booth,/ - 

One form of an exhaust gas reactor comprises a 
15 refractory carriermaierial in the form of a monolithic 
block of o>en pore ceramic foam, which has thereon 
a catalytlcaily active surface layer. 

Porous ceramic foam is produced by an open-pore 
plastics foam being filled with a slurry of ceramic 
20 material, and then vaporising the plastics foam at 
elevated temperature. The porous ceramic foam 
produced in that way is also of an open-pore nature 
and is then provided with a catalytic layer which is 
matched to the respective chemical process 
25 involved. Cataiysts produced in that way from 
porous ceramic foam are subjected to further 
processing to produce monolithic blocks of 
appropriate size, and used in that form. 
According lo the present invention, there is 
30 provided an exhaust gas reactor including a 

refractory carrier means of open-pore ceramic foam 
comprising at least two plates which are disposed in 
succession In the direction of gas flow through the 
reactor, and a catalytically active surface layer on the 
35 carrier means. 

Tests have been carried out which show that an 
exhaust gas reactor which is constructed from a 
plurality of successively disposed plates is 
substantially more efficient in operation than an 
40 exhaust gas reactor.consisting of a monolithic block 
of appropriate size. Furthermore, an exhaust gas 
reactorcomprising a plurality of plates is 
substantially easier to manufacture and it is also 
easier to provide it with a catalytically active surface 
.. 45 layer, than a large monolithic block. It Is possible to 
arrive ai a made-io-meesure construction, 
depending on the panicular composition and 
temperature of the waste or exhaust gases which are 
to be subjecteo to the post-combusiion procedure. 
50 by virtue of the plates being of suitable composition, 
configuration and dinnensions. In addition, the 
reactor can be rapidly adapted to the respective 
operating conditions involved, particularly in the 
event of changes therein, by vinue of the insertion or 
55 reoiacerheni of plates. All in all, because of the large . 
internal surface area of the ceramic foam, the 
exhaust gas reactor can be small in volume, in 
relation to the respective gas through-put thereof. A 
compact exhaust gas reactor of that nature is 
60 panicularly imponam when. In connection with 
subsequent fitting to motor vehicles, a conventional 
silencer box or muffler is to be replaced by an 
exhaust gas reactor which rrtust take account of the 
preoeteVmined dimensions and concitions of 
65 installation of the respective silencer box or muffler. 
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Besides the very large internal surface area of a 
ceram.c foam, relative to its external volume a 
critical consideration in regard to the level of' 
7n ^^^^f "''^^^^"^^^^M^-VSas reactor accordance 
70 with the present inventfon is also the high level of 
reaction probab^lityiv^•^ljQh is provided by the 
micro-iurbuleni posi.XIciw of the individual rods or 
fibres of the ceramic fpjann. 

In accordance with aVijriher feature of the 
invention, the porosity of me plates is between i o 
and 60 ppi (pores per iriph). and preferably between 
1 0 and 30 ppi. The reference lo pores per inch (ppi) 
denotes the numbero^jjores per inch as a unit of 
length. . . 

A funher embodjmef^l o' a reactor according to the 
invention advantageously provides that plates of a 
different configuration or nature may be used. The 
different configuration or nature may be that the 
porosity of the plates is different, for exampJe a plaie 
85 with coarse pores is followed by one or more plates 
with finer pores. Hovyey^r the different configuration 
' or nature may additionally or alternatively involve 
different catalytically £ic;ive.surface layers. 
Furthermore and possibly in addition thereto the 
90 plates may be of different shapes and sizes in order 
for example to produce a given flow characteristic in 
aerodynamic respects. 

A further feature of the invention may provide that 
one or more uncoated plates is or'are arranged 
95 upstream and/or between and/or downstream of 
catalytically coated plates. In lhaiconnection the 
uncoated plates act in particular as a filter means. In 
that way, undesirable particles in the gas flowing 
into the reactor are filtered out of the gas flow prior to 
passing into the part of the reactor in which reaction 
occurs, and reaction products are fihered out of the 
gasflowif funher uncoated plates are arranged 
within the coated plates of the reactor or 
dov^^nstream thereof. The pore size of the uncoated 
105 filter plates is to be matched to the size of the 

panicles which are to be filtered out of the gas flow. If 
an uncoated plate v/ith very fine po.'es is disposed at 
the downstream end of the reactor assembly, it is 
possible to ensureihat any panicles of theceramic 
1 1 0 carrier material which come loose do not pass into 
the atmosphere, together with constiiuenis'of the 
' washcoat base layer and the catalyst material. 
In one embodiment of a reactor, the individual 
plates thereof may bear against each other in a " 
1 1 5 sandv/ich-like construction. An advantageous 

feature of the invention provides however thatihe 
plates are arranged at a spacing from each other, in 
which respect the spacings oeiween the plates may 
be the same or may vary. The spacings between the 
i20 plates prevent the gases from forming preferential 
through-flow paths, whicn would have the result that 
pans of the plates would noi have gas flov/ing 
therethrough or would have I es seas flowing 
therethrough, so that the level of efficiency would 
125 drop, in relation to unit of surface area, if the spacing 
between plates is correctly chosen, turbulent effects 
occur between the p!at.es,;which enstire that the gas 
flow is balanced and equalised out. The spacings 
between the plates are aisp to be selected having 
1 30 regard to the flow speeds through the reactor, the 
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riimensions of :r»fi -istes and xhe r-c-pn-c oiihe 
resoeciive cases JR.joJyed. in ins: connection 
however the snacf'^.c shouici be k?-.t as small as 
possible, having rjecjarc to :he rescior beinq of a 
5 compact oesign.%.'^ ; . 

if. in ccc-rrience wiin a ?«.rTnp-ac:veptaQeoi.s 
feature c: mc, inve-i:on. the cMaies n.-e indTviduafly 
jniercnanceouic.insna.'ssc-torcifrrstnatureis 
s..-r,p.er.anc Jess ex.-.ensive frorr.ir.c pomi of Wevvof 

10 ;;^S'nienance than a reactor whicnyses a monolrlhir 
block. In mat cese.indJvidual pistes can be replaced 
for repair or exchanged for cihf pfstes. If the 

- o:^^ratincconri:iinns3l:sr.Torc-".-.ethedJsivvrhich 
h2sbeenprooucLn-:.,:.ne«i'Ov.e-.-.jr.,oneauncoated 

15 ''':efDlates may be e«naW?f».-: or c-lv cleaned after 
thev have been removed. 

' A:PanicuJarly acvaniac^eous rievelopmeni whidh is 
also an aspect of incepen:;rrn; sicniticance provides 
th«i ijie catalyst materia' gFeo comprises at least one 
20 non-noble metal oxide, 

Th^erescrion lenrsDeraitjre of such oxides is higher 
than that of noble metals whfcn are .:onveniionally 
used. fof example piatir.iim. and is between about 
4o0 and 7£C- C. As c rssu'i. tr.e level of effectiveness 
25 scarcely decreases, ^ver. under r.icn loading and at 
hicn lempersuires. so :nsr such a .-.>actor is ' 
particularly suitaoie nc; just ior internal combustion 
engines of motor veniciss but also :or stationary 
engines. The non-nobi-? metal oxides are also 
30 resistant to lead poisor.ina phenomena and to other 
noxious SL.'tsiances sum as ch'orine. fluorine and 
suiDhur. as occur in me ur.cieaned cases of 
siotionary engines. 

in a oreferredfeaiurecf the inveniion. the 
35 ca:£!ytica!iy acrrvs s-rrace -sysr o: = non-noble metal 
oxice mavbearranreccnv.-naiis kPcwnasa - 
wesncoai base lave.- of c\urr:in\urr^ cxide in its 
'.-mocificstion for.-r.. S'scn g wasr.coar base layer is 
known end provides fc^ s r-.ore -arid and better 
40 reaction. In order :o :r-rrove icr,o-:s'm stability, 
accitives msy be accsc :c :^e pasc ^eyer, for 
exampie compou-.cs c* eJe-—.er:s --om the rare eanh 
grcuD. 

In order :o orovide e .-educing reaction, a further 
45 emoodiment of the inyer.ticr. orovioes for using a 
C5:a:vs; mcierial cc.Trrjsinc s: irss: one oxide of the 
t'ciicwinc r-.eta!s: ircr. !=e:0: c- re:.0-\ cobalt (CoO ■ 
or CZ2O2 o- Co^Oi*. n:cKa: ',:<''0 or :\ jOs;. titanium 
• i .'C:;. vsncd.'um : V^Cf •, cr:rc-.T.:ur~ -C-'^Oji. 
50 .-r-.c.ybdenu.-r. fr-.-JcO; tungsten {WO;.', and 

rrer.gansse 'fvlnO c;- 'Vri:G:. zrU'.r.^Oz). or at least a 
T.ixTjre c: =! Jaas: ;-.vc :rerecT'. 

• c orovips an oxic:S:ng reaciipn: the cataiyst 
material o: ins reactc mav ccrrbrise er least one 
55 c.xice of a: ;east one 0: tr.s foiiCivir.c rr.eiais; copper 
.CwO... chrcmium iCr-C^J. moiyocenum (MoO:). 
tungsten i'/.'03'/. manganese iWnG or Mn-0?or 
Mn3Cj. vanacium .V.-C:'. iron iFeiCjIorai least one 
mixture of a: least f.vc i->er5c;. 
60 In a runner advenraceous embcdimeni cf the 
invention, the reac;or mavbeo:c iwo-siaoe 
configuration, xyiin a recucinc -eaction taking place 
in i.ne.firs: stage and an oxidising .-eac.ion taking 
piece, in the second stags, for example, in the firs! 
65 stage ofar; exhaust gas rsacicrfc: interna! 



combustion enpines. nitrogen oxides (NO )are 
reduced to harmless nitrogen at toe catalyst material 
by means of the carbon monoxide iCOHn ,he ^ 
exnaust gas. Then, the second stage Involves 
70 oxidation of the excess carbon monoxide to form 
carbon d.oxjde. wiih.oxygen possibly also beinq 
added, m the fornn of air. tn other areas of use of such 
a reactor, it is alspposslble to provide for the 

75 components, forexample hydrocarbons. Such 
constituents occurinter alia in the wasre or exhaust 
gases from pamt spraying booths. The two stages of 
the reactor each hpye at'least one oiate and may be 
arranged in separate houslngs or in a common 
80 housing. Ai least one uncoared filter plate is 

desirably arranged upstreamof the first stage so 
such a filter can arsQjrietain sobt particles which can 
then undergo posi-c<3rribusiion if the initial filler 
reaches a temperatyre.above oOQ-C. The second 
85 stage may be followed by an uhcoated fine-pore 

fflter plate, constituting a very fine filter which retains 
m particular pieces of ceramic carrier material which 
have come away.. 

In snoiher aspect. the present invention also 
90 provides a process.for .Vhe production of an exhaust 
gas reactor, wherein ainon-noble meiai oxide is 
added to the slurry yvhich, as referred to in the 
opening pan of this specification, is used to produce 
the ceramic foam fro.rn open-pore plastics foam. 
95 After calcination of tl^e foam which is coated with the 
ceramic material, the non-noble metel oxide is then a- 
constituent of the ceramic material and is thus also 
present at the surface thereof. Such a mixing effect 
may be used in panicular when the oxide is 
100 comparatively inexpensive. 

An alternative option in regard to me process for 
producing the exhaust gas reactor according tome " 
invention provides that the foam which has Dser. 
coatee with ceramic material and ore-dried but noi 
ICS ye: subjected to the calcination ooera-.ion may be 
coated, preferably by a dipping ooerai ion. with 5 
particular susoension.or slurr\- which contains the 
non-noble metal oxide-and oorionaiiv fu.-iher 
constituents which promote adhesio.'^ of the oxics as 
110 well as the catalytic function. Besides for example^ 
titanium dioxide, the syspensior or siurry may 
additionally contain the materiel for the base layer 
(aluminium oxide). ^ 
Another form of procedure fo.'cDoivinc the 
1 1 5 catalyst material in the'reacic ecccrainc to the 
invention provides that the foa.m whicn has been 
coated v.^ith ceramic material and possibly the base 
layer and v.^hicn may pr.may not nsve oeen subjected 
to the calcination operation is impregnated with a 
120 solution of a metal salt of the no.'--noQle .metal to be 
used, and rhen the metai isconve.iec into the metal 
oxide by a heat trearmen: such as calcination, and 
fixed on the ceramic foam. 

The reactor according to the invenrion is 
125 inexpensive to manufacture, enjcvs a wide range of 
adaptability and has a high level of efficiency, even at 
high temperatures, while being easy and simple to 
m.ainiain and being capable of acaoting to altering 
operating conditions. ;'• 
1 30 Embodiments of a reactor according to the 



invention and tne process ?or me oroduction thereof 
will nov/oe cescribec ov wav of example wiih 
reference lo me accomponying crawing in which: 
figure 7 is a diagrammaiic view in longiiudinal 
5 section of a first ernbpdihneni ofihe reactor 
according to ihe inveriVor^^and -' 

Figure '-2 \so basic yiefelmbngiiunlnal section of a 
iwo-siage reacior as a second embodiment of the 
invention; .• - j^-fir.-n 

10 Referring to the disgrammatic view in Figure 1, an 
exhaust or waste gas reactor according to the 
invention comprises three oiaies 1 of open-pore 
ceramic foam with a cataiytically active surface layer 
thereon, which are arranged in succession in the 
15- direction in which tne gas flows through the reactor, 
as indicated by the arrows 10 and n. 

Disposed upstream o^ me first reactor plate ^ is ? 
further plate 2 of open-pore ceramic foam, which is 
not coated with catalyst material. The plate 2serves ' 
20 as a filter plate for pariicies contained in the flowof 
exhaust gas. Furthermore.^arrariged downstream of 
the lasiifLllpqtor plate'^^ filter plate 3 of 

open-pore cera'mic fbam"without a catalyst coating 
thereo.n.'JTheplaie 3 Kas'vVry fine pores and filters 
25 out of ihegas flow'psriicJes of the ceramic base • 
material vvhicn have come loose. The spacings • 
between the incfvicuei siaies 1.2 and 3 provide for a 
turbulent effect therein. Tnese spacings are seiected 
to be non-uniform in seen a way that the reaction is 
30 as complete as possiD:e, tne flow resistance is ata 
low level and :he dimensions of the arrangement are 
not excessive. 

Figure 2 is a discr£mma::c view cf a two-srage 
reactor. The two staces are arranged in separate 
35 casings or chambers and 5 which Ere in 

communicciion by v/av c: a oipe 6. The waste or 
exnausi gas lo be trsaiec fiows into the casing 4 in 
the direction indicatec svine arrow 10. Arranged • 
firs; in me casing *:/s sr. unccaied filter plate 2 which 
40 is followed 3! a spac:r.c by two spaced-apart reactor 
plates t whicn are coetsc witn caiatytically active 
m.sieriai. In tng oiatss '<::nc nitrogen oxides (NO*) in 
the gas react with the ca'Don monoxide {COl which is 
also present therein, vv-zn ins nitrogen oxides being 
..45 recu^ced to non-toxic n::rocen. In the pipe 6. air is 
then adcec to the exns-S'. cas by means of a nozzle 7 
from e ripe £. for exarr-r'e cv means of a pump in the 
form 3 biov.'sr. I: ;: is cssumec iha: the denoxed 
C5£ in tne oioe £ sii:; r.as a comooneni of about IVc 
50 CO. men aoout G.5 = : G.- ::cm the air must be added 
for complete comoustior.. With an oxygen 
ccrr.Donent t'o' £3C-j: 2C"c, ihat m.eans the addition 
of about 2.5-= air.'As operation is usually conducted 
at higher than stoicnicmeiry, about double the 
55 amount is eccec in a prsc:icel situation, tnai is to say 
about 5". o a i.*". 

lnmecasinc5.thec2S5gain first flows through a 
filter 2 anc men two reacior plates 1. at the surface of 
whicn the Cc'bon rr ?pcxice undergoes combustion 
60 lo form caroon c.:cx:c£. A very fine filter plate 2 at the 
outiei of the casing 5 enminaies reaction panicles 
a n o f i n e G u s I s . ' = *• ' » ' * 

One erribbdimeni.of ire reactor according to the 
invention used chrcm.ium tribxide as the metal 
65 oxice. The ceramic "sam zarr\^: material w-as 



impregnated v^ith ammdnium dichromate solution 
(between 3 and 25%» and then the substance was 
thermally decomposed to tornn chromium trioxide 
(Crn03), on the carrier niaierja!. The ammonium 
70 dichromate may also be reduced with a reducing 
agent such as for exan-igViethanoi or ascorbic acid, 
to form trivaleni chromium^t^ Fixing on the 

carrier material is Xh^n^^^ci^p by drying and 
calcining. The ther'maj expenditure involved in such 
75 a procedure is slight. : f 

Various forms of process may be employed for 
producing a reactor as described above: for 
example, when using a flurry of ceramic material to 
fill an open-pore plastics foam which is then 
80 vaporised at elevaiedjemperaiure to produce a 
porous ceramic foami Vhe catalyst material such as 
the non-noble metal oxide referred to above may be 
added to. the slurr-y used to fill the plastics foam 
which is then removed in the manher stated, 
85 Alternatively, the foarri niay be coated with ceramic 
material and then impregnated with a solution of a 
salt of a non-noble metaljthe salt then being 
converted into the meiai.oxide and fixed on the 
ceramic foam. "v^v^^J- 
90 It will be appreciate^d that the above-described 
embodiments of the reactor and process according 
to the invention have been set f orth solely by way of 
example thereof and that various modifications and 
alterations may be made tjierein without thereby 
95 departing from the scopQ of the invention as defined 
by tbte appended claims. 




10.0 1. An exhaust ges reactor including a refractory 
carrier means or open -pore ceramic foam, 
comprising at least two plates which are disoosed in 
succession in the direction of gas flow through the 
reactor, and a cataiytically active surface layer on tne 

105 carrier means. 

2. A reactor according to claim l wherein the 
porosity of tne plates is between 10 and 60 opi. 

3. A reactor according to claim 2 wherein the 
porosity of the plates is between 1 0 and 30 ppi. 

110 4. A reactor according to claim 1 and comprising 
plates of a different configuration or nature. ' 

5. A reactor according to claim < wherein the 
porosity of the plates is of different sizes. 

6. A reactor according to claim 4 or claim. 5 

1 1 5 wherein the plates have different caialvnicclly active 
sunace layers. 

7. A reactor according to any one of claims 4; 5 
and 6 wherein the plates are of different shapes. 

8. A reactor according to any one of the 
120 preceding claims and comprising one or more 

uncoated plates disposed upstream and.or between 
and or downstream of the catslytically coated plates. 

9. A reactor according to one of the preceding 
claims wherein the plates are arranged at a spacing 

125 from each other, 

10. A reactor according 10 claim 9 wherein the 
spacing between the plates varies. 

11. A reactor according to one ofihe preceding 
claims wherein said plates are individually 

130 interchanoeable. 



. u 

i2'iT A' reactor according lo c- of ihe preceding 
claims wherein ihecaiaylsi maieriai useo i/icluoes at 
least one non-noble metal oxrde. 

13. A reactor according to one of the preceding 

6 clairiis wherein said catalytically active surface layer 
is anSJ^g§^ on a base layer.iwasncoat) of aluminrnm. 
oxjde'j^ljQa! in vhe^^modificaiion iorm. 

14. -:r.A reactor according lo claim 12 or 13 wherein, 
for a reducing reaction, the catalyst material 

10 comprises at least one oxide of at least one of the 
. following metais: iron, cobalt, nickel, titanium, 
vanadium'chromium, molybdenum, tungsten, and 
manganese or a mixture of at leasttwoihereof. 
15,,; .A reactor accordmgtoclaim 12 or claim 13 

15 wher.ejp;;f6r an oxidising reaction, the catalyst 

mat.e/jgfcpmpris.es ^tjl^^si one oxide of at least one 
of thefpj.ipwing meials; copper, chromium, 
molybdenum; turigsten, rnanganese. vanadium, iron 
or a mixture of al least two thereof. 

20 1 6,','i;y-A.reacipr aceprding to one of the precedi 
craimsj.yyhich cprn'prises;.ai least first and second 
■ stagesr^oj.sd^^ a.najurbjjhat iri operation a reducing 

• . re ^"^t^j^la^c e Si^j a^^.£^ first stage and ah 

b X i'3 jsTn^gl^^^^ o rj Jii^s'.R i ateinthesecondstage. 

25 1 j^fj^jeicior according to claim 1 6 wherein said 
first arid second stages each comprise at least one 
plate and they are arranged in a common housing. 

18. A reactor according to claim 16orclaim 17 
and further including an uncoated filter plate 

30 arranged upstream of the first stage in the direction 
offlow therethrough. . 

19. 'Aresctor according lo one of claims 16 to 18 
and further comprising an uncoated fine-pore filter 
plate arrangea downstream of the second stage in 

35 the dif-ection of flow therethrough. 

204 -^"A'.resctor according to one of claims 16 to 19 
wherein. 'air is injected into the flow of gas through 
the reagVor.; betv/ee.r.,said firs; and second stages. 
21.4*^^" exhausi gas reactor substantially as 

.40 herejrpijefore cescribeo wi.ih reference to Figure 1 of 
the.eccp'mpcnying drawings. 

22. ;.: An exhausi gas reactor substantially as 
hereinbefore described with reference to Figure 2 o: 
the accornpanying-dra wings. 

45 ; 23. V "A process for .the production of a reactor 
according to any one of claims 1 2 to 20 com arising 
introducing a slurry of ceramic material into an 
open-po.''e oiasiics foam and then removing the 
picsiics foarr., wnerein said non-noble metal oxics is 

5C BGoed to the slurry used to produce the ceramic 
foam from the operi-pore plastics foam. 

24. Apfocessfor producing a waste gas reacior 
according to any one of claims 12 to 22 comprising 
introducing a slurry of ceramic material into an 

55 open-pore plastics foam and then removing the 
plastics foam, wherein said non-noble metal oxice is 
addedioe suspension, andthefoam which iscoatec 
with ceramic material and which has been pre-cried 
is coated witn the suspension, preferably by a 

60 dipping process, and then ii is subjected to 
calciT5£||pn.;^v ' , ; V. 

■2 5 vpp^pVp c e s s-.a cc d r d i n g to c I a i m 2 4 f o r 
prpdux^R'g" a react according to claim 1 3 or any 
clairn appendant thereto wherein the material lAi^-Cj^ 

65 of the base layer i's additionally mixed with the 



Suspension. 

26. . A process for the production of a reactor 
according to any one of claims 12 to 22 comprising 
mtrooucing a slurry of ceramic material into an 

70 open-pore plastics foam and then removing the 

plastics foam, whereifjnhe foam which is coated with 
ceramic material and pptionatly a base layer and 
whicn is in a calcinec^or.uricalcined condition is 
(.moregnaied with a sojution of a metal salt of a said 

75 non-noble metal and the metal salt is then converted 
into the metal oxide by chemical reaction and/or 
calcination, and fixed on the ceramic foam. 

27. A process for the production of a reactor, 
according to any orie pf pjaims 23 to 26 and 

80 substantially as hereinbefore described. 

28. An exhaust gasVeactor substantially as 
herein described with'^feference to the 
accompanyiiig drawings. 
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